Introduction
============

PTTM (Pulmonary tumor thrombotic microangiopathy), synonymously termed microscopic pulmonary tumor embolism, is a rare condition, and cancer-related pulmonary complications characterized by rapidly progression of dyspnea and pulmonary hypertension occasionally cause sudden death [@b1]. PTTM is observed in 3.3% of autopsies of patients with malignant tumors and is usually associated with gastric cancer, although it was reported to affect other sites in a few cases [@b1],[@b2]. Rare cases of urothelial carcinoma of the urinary bladder associated with PTTM have also been reported [@b1],[@b3],[@b4]. Most of the patients in these case reports were diagnosed as having PTTM following postmortem examination at autopsy. Antemortem diagnosis of PTTM is very difficult because the patient rapidly progresses to death. We report a valuable case of PTTM associated with urothelial carcinoma of the urinary bladder in which pulmonary microvascular cytology (PMC) was a useful strategy that aided in the early antemortem diagnosis, permitting the patient to undergo chemotherapy, although the patient ultimately died.

Case Report
===========

The patient was a 77-year-old Japanese man with a history of transurethral resection of a bladder tumor at the age of 75 years for urothelial carcinoma of the urinary bladder. Pathological findings of the surgical specimens obtained indicated a urothelial carcinoma (G2) that had invaded the muscular layer (Fig.[1](#fig01){ref-type="fig"}). Afterward, he underwent intravesical Bacillus Calmette-Guerin therapy and radiation therapy that resulted in complete remission. In April 2014, he developed a relapse with abdominal metastatic lymph nodes and bone metastasis found, so he underwent chemotherapy with carboplatin and gemcitabine. After 2 cycles this chemotherapy, he developed dyspnea and was referred to our hospital in July 2014. On admission, he had tachycardia (112 beats per minute), tachypnea (31 respirations per minute), and normotensive blood pressure (118/62 mmHg). Initial peripheral arterial oxygen saturation (SpO~2~) was 81%, and blood gas analysis showed a PaO~2~ (partial pressure of oxygen in arterial blood) of 46.6 Torr and PaCO~2~ (partial pressure of carbon dioxide in arterial blood) of 34.2 Torr on room air, indicating hypoxemia. His white blood cell count was 5000/*μ*L, hemoglobin 7.3 g/dL, and thrombocyte count 10.6 × 10^4^/*μ*L, indicating anemia and thrombocytopenia. C-reactive protein level was elevated at 6.1 mg/dL, and brain natriuretic peptide was 425 pg/mL. A transthoracic echocardiogram showed a normal left ventricular ejection fraction with an elevated estimated systolic pulmonary artery pressure of 89 mmHg. A whole-body contrast-enhanced CT (computed tomography) scan revealed diffuse small nodules, ground-glass opacities, and dilation of the pulmonary arteries in the lungs. Other findings included abdominal lymph node swelling and bone metastasis, without obvious pulmonary embolism or deep vein thrombosis (Fig.[2](#fig02){ref-type="fig"}). ^99m^Tc-MAA scintigraphy showed multiple peripheral defects (Fig.[3](#fig03){ref-type="fig"}).

![Microscopic findings of the tumor show urothelial carcinoma of the urinary bladder (Hematoxylin and eosin stain).](ccr30003-0735-f1){#fig01}

![Chest CT (computed tomography) showed ground-glass opacities in both lung fields (A). High-resolution CT showed small nodules and ground-glass opacities in the upper lung field (B) and small nodules, ground-glass opacities, and dilation of the pulmonary arteries in the lower lung (C).](ccr30003-0735-f2){#fig02}

![A ^99m^Tc-MAA lung perfusion image showed multiple peripheral defects.](ccr30003-0735-f3){#fig03}

During the patient\'s hospital course, PMC was performed, for which a Swan-Ganz catheter was inserted and located in the right pulmonary artery wedge position, and blood was gently withdrawn from the wedged catheter. Hemodynamic parameters monitored during the procedure included a mean pulmonary capillary wedge pressure of 14 mmHg; mean pulmonary artery pressure of 41 mmHg; and cardiac index of 2.3 L/min/m^2^, which indicated pulmonary hypertension without left cardiac failure. Extracted blood samples were heparinized and centrifuged. Because malignant cells tend to accumulate in the buffy coat of centrifuged blood, slides were made from the buffy coat and were immediately fixed in 95% alcohol and stained using the Papanicolaou and Giemsa methods. The cytological specimens showed small loose clusters of large atypical cells resembling urothelial carcinoma cells (Fig.[4](#fig04){ref-type="fig"}). Upper and lower gastrointestinal tract endoscopy, small intestine endoscopy, and bone marrow biopsy provided no meaningful results: none of these tests indicated malignant disease or urothelial carcinoma of the urinary bladder. TBLB (Transbronchial lung biopsy) was performed three times in the right lower lung, but the specimens could not be reveal atypical cells in the vessels. Although specimens from TBLB also did not provide meaningful results, on the basis of the clinical, radiological, and cytological findings, we diagnosed the patient as having PTTM with urothelial carcinoma of the urinary bladder because of the existence of atypical cells resembling urothelial carcinoma cells in the pulmonary microvasculature and the complete absence of malignancy in other organs. Chemotherapy with gemcitabine and paclitaxel was started on hospital day 8. However, the patient\'s pulmonary hypertension progressed, his breathing rapidly deteriorated, and he died on hospital day 12.

![Pulmonary microvascular cytology showed large atypical cells resembling urothelial carcinoma cells (A: Papanicolaou stain, B: Giemsa stain).](ccr30003-0735-f4){#fig04}

Discussion
==========

We describe a case of PTTM in which PMC detected tumor cells strongly suspicious of urothelial carcinoma of the urinary bladder. PTTM should be considered in the differential diagnosis of a patient with cancer who presents with subacute dyspnea. This rare and poorly understood entity is underrecognized before death. PTTM is characterized by the following findings: (1) the presence of tumor emboli in the small pulmonary arteries; (2) fibrocellular and fibromuscular intimal proliferation in the small pulmonary arteries; and (3) organization and recanalization of thrombi. The second finding is particularly serious and is very difficult to differentiate from a simple pulmonary arterial tumor emboli. The presence of minute tumor emboli in the peripheral pulmonary arteries can damage the vascular endothelium, leading to thrombus formation and accelerated coagulation [@b5]. PTTM is usually associated with adenocarcinoma, particularly gastric adenocarcinoma and adenocarcinomas of the pancreas, breast, lung, and liver [@b1],[@b2]. However, there are a few cases reports of PTTM or microscopic pulmonary tumor embolism associated with urothelial carcinoma of the urinary bladder [@b1],[@b3],[@b4],[@b6]--[@b9]. To the best of our knowledge, including the present case, only two cases have been reported in which PMC detected tumor cells that led to a diagnosis of PTTM associated with urothelial carcinoma of the urinary bladder [@b9].

The clinical diagnosis of PTTM is extremely difficult [@b10]. The development of clinical signs of pulmonary hypertension result in acute or subacute cor pulmonale and subacute respiratory failure. Moreover, stenosis and/or occlusion of the pulmonary arteries occur along with an increase in pulmonary vascular resistance that results in pulmonary hypertension, hemolytic anemia, and disseminated intravascular coagulation [@b1]. The CT findings of PTTM include consolidation, ground-glass opacities, small nodules, and tree-in-bud appearance [@b2]. In the present patient, a chest CT scan revealed nodules and ground-glass opacities. In addition, multiple small and wedge-shaped perfusion detects in a lung perfusion scan are characteristic of PTTM [@b11]. On the basis of the clinical and radiological findings, we considered a diagnosis of PTTM induced by urothelial carcinoma of the urinary bladder, and PMC, bone marrow biopsy, and TBLB were performed.

Pulmonary microvascular cytology, the cytological study of blood drawn from a wedged pulmonary artery catheter to detect material in the pulmonary microvasculature, was first reported in 1979 in patients with amniotic fluid embolism [@b12]. Dexter et al. [@b13] showed the oxygen saturation of blood withdrawn from pulmonary artery catheters in the wedge position has characteristics of pulmonary capillary blood. In reality, since the catheter lodges in an artery of substantial size, a "wedge" sample most likely represents a mixture of blood from the terminal pulmonary arteries, arterioles, and capillaries in the subsegmental distribution of the occluded vessel. We also thought that PMC was useful diagnosis method of PTTM, which was characterized by the occlusion of arterioles, capillaries, and venules throughout the body by malignant tumor cells. PMC has been extended to the diagnosis of fat embolism, pulmonary microvascular metastasis, and intravascular lymphoma [@b14]--[@b17]. Similar to these disorders, a few cases of PTTM were reported in which tumor cells were detected by PMC [@b14],[@b18]. Other antemortem diagnostic methods have been suggested, including video-assisted thoracic surgery and TBLB [@b19],[@b20]. Our patient could not be diagnosed as having PTTM from the TBLB findings, and we could not perform further examinations because of the patient\'s poor condition. However, PMC was successful in detecting tumor cells in the pulmonary microvasculature of our patient. The point where we should be careful about the cytological study is that the presence of megakaryocytes is rarely seen in the peripheral blood. Therefore, we should avoid of making mistake such that the megakaryocyte was recognized as atypical cell. Although an invasive procedure, pulmonary artery catheterization is generally well tolerated in comparison with video-assisted thoracic surgery and TBLB. Due to the extremely rapid progression of PTTM, few cases have been reported in which systemic chemotherapy has improved the prognosis [@b19], and no previous cases of chemotherapy administered after the diagnosis of urothelial carcinoma of the urinary bladder associated with PTTM have been reported. Although the condition of our patient did not improve after chemotherapy and progressed to death, we believe that early diagnosis by PMC may be valuable in improving the prognosis of patients with PTTM. On the other hand, anticoagulation therapies and new drugs for the treatment of pulmonary arterial hypertension, such as endothelin antagonists, prostacyclin analogs, and phosphodiesterase type 5 inhibitors, are controversial for the treatment of PTTM [@b21]. Moreover, Ogawa et al. [@b22] reported that imatinib may be effective for ameliorating pulmonary hypertension that is caused by PTTM. Therefore, further studies are warranted focusing on these treatments of PTTM.

We report a rare case of urothelial carcinoma of the urinary bladder associated with PTTM in which an antemortem diagnosis was made with the aid of PMC, permitting the patient to undergo chemotherapy. If the possibility of PTTM is considered in cancer patients with a rapidly worsening respiratory condition, we believe that PMC may represent the only chance for diagnosis and achievement of remission in this aggressive disease, particularly for critically ill patients.
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